Noise from fluid power systems is still a severe problem in many applications. During the last decade we have been dealing with fluid power attenuators mainly in systems terminated by different types of valves.
However,
there have, with varying success, also been a number of attempts with attenuators in hydrostatic transmissions.
In order to clarify this noise problem a further look is taken into the phenomena related to the use of attenuators in hydrostatic transmissions.
Previous studies have shown different methods to measure flow ripple. One of the methods, the anechoic termination method, has been the main method for our experimental research, both of fluid power attenuators and of pumps as sources of flow ripple. This method is characterized by the fact that no standing waves will occur in the measurement pipe. To verify the accuracy of this method it is compared with measurements carried out by means of the so-called 2-microphone method. The agreement has turned out to be very good. The simulated results can be presented as the ratio between the outlet pressure-ripple and the inlet flow-ripple in a dimensionless form in relation to the characteristic impedance of the terminating line. More often the results are presented as insertion loss, i.e. the ratio between the outlet pressure ripple in a reference system without an attenuator and the outlet pressure ripple in a system with an attenuator, normally expressed in decibel (dB).
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The simulations presented in this chapter are carried out under anechoic terminated conditions, i.e. no standing waves will occur in the terminating line. The system will in this way not influence the effect of the attenuation of the flow ripple from the source, neither influence the resonance frequencies in the upstream part of the system. The viscous line-friction is taken into account. A One-volume System With an Inlet-pipe The next step is to take the inlet pipe-line into consideration. The simulation once again gives both the attenuation and a number of resonancefrequencies. This time the resonances depend both on the length of the volume and the length of the pipe-line connecting the flow-ripple source and the attenuator. In figure 2 the results are presented. The resonance frequencies at 2200 Hz (2090 Hz for the shorter one) depends on the line connecting the source with the attenuator. The frequencies at 1230 and 2700 Hz (2790 for the shorter one) is due to standing waves in the attenuator. The simple relation between the wave propagation velocity and the length of the pipes will forecast the frequencies to be 2258, 1272 and 2545 Hz respectively.
As can be seen from the simulations this will not give a good estimation of the resonancefrequencies. The reason for this is that the standing waves in the two pipes (i.e. the pipe between the source and the attenuator and the attenuator-volume itself) to a considerable extent will influence each The four-pole for this system will be (3) where, if we neglect the line friction
With the boundary condition Po = RoQo the matrix relation in eq 3 will turn into a transfer function from Po to Qi as (4) where D* and B* are the matrix elements when multiplying the matrices in eq 3. With Ro >> Zci Eq (4) simplifies to (5) Eq (3) - (5) This last simple system can easily be connected to a lumped volume and then become close to a real system except for the terminating pipe-line. The equations for this system will not be presented in this paper. Nevertheless, looking at insertion loss, the terminating pipe-line is normally dealt with under anechoic conditions, thus its influence can be neglected. Having a good understanding of how this simple system acts when talking about pressure-ripple attenuation it is now possible to compare with other types of attenuators with more than one volume, mode cancellation pipes etc.
MEASUREMENTS -AITENUATORS

Measurements
and simulations have been carried out for different types of attenuators, but this paper is mainly concerned with the expansion chamber type with one chamber.
In all experiments the flow ripple is created by means of a positive displacement fluid power pump. The pumps used for the attenuatorexperiments in this paper are of the axial-piston type with 5 or 7 pistons (normally a Volvo Hydraulics F11-19). In this case the pump is forced to create flow ripple over a wide frequency range by use of an unmodified valve plate.
The measurements are carried out under anechoic conditions, i.e. the influence of the terminating pipe-line of the system can be neglected as no standing waves will occur in the line between the attenuator and the load. This condition is obtained when the terminating impedance (Re) equals the characteristic impedance (Zc) of the line. A closer description of the method can be found in ref [2] . Just a brief experimental comparison with the 2-microphone method, [61, is made in this paper.
Measurements on One-chamber Attenuators
A number of measurements on expansion chamber attenuators (ECA) with one-chamber of different length and diameter with and without a mode cancellation pipe (MCP) have been made. The volume with a mode cancellation pipe (MCP), uses a method that prevents the first standing wave, and full multiples of it, in the attenuator volume itself to be recognized by the downstream system. The type presented is a pure volume attenuator, figure 5.
The anechoic termination method gives a simple relationship between the flow ripple created by the pump and the pressure ripple measured in the system. The relationship will simply be Pout = Zc Qsource In order to obtain pressure signals of an amplitude high enough to be measured in the system with an attenuator, the attenuators used have a quite small diameter. The obvious reason for this is that a simplified theory yields that the maximum attenuation obtained by a one-chamber attenuator is proportional to the square of the ratio between the diameter of the attenuator and the diameter of the downstream pipe-line (D2/1)02.
The Pure Volume Attenuator
The measurements will be presented as an insertion loss, i.e. the ratio between the pressure ripple without and with an attenuator respectively expressed in decibel (dB). 
THE HYDROSTATIC TRANSMISSION
In a pipe-line in a hydrostatic transmission, a number of source flow harmonics and combinations of harmonics arise. In addition, the dynamic properties of the transmission line itself cause some difficulties when dealing with attenuators in hydrostatic transmissions. By means of a powerful simulation tool the flow pulsation sources, i.e. pump and motor, can be treated toghether with the line dynamics and thus analyse the total number of harmonics occurring in the system at the same time.
It seems to be a relevant approach to look both into the time and the frequency domain [5, 6] . The system simulated in the following is a rather simple system with a 7-piston pump running at 1500 rpm and a 7-piston motor running at 1200 rpm. The machines are connected to a pure pipe-line system with the total length of 3.47 m on the highpressure side as well as on the low-pressure side. As a good approximation, the internal impedance of the flow ripple source is modelled as a small volume followed by a discharge channel.
The analyses of the transmission in this paper are focused on the flow ripple. However, for a complete understanding of the phenomena of standing waves and resonance frequencies in a hydrostatic transmission, it is preferable to study both pressure-and flow-ripple.
The analyses furthermore concentrates on the low pressure side, but simulations from the high pressure can be analysed in a similar way. On the high pressure side of the transmission the simulated pure source-flow ripple connected to the one side of this small volume is verified by experiment. The agreement has turned out to very good. This experience is used for the simulations of the flow source on the low pressure side [3, 4] . The motor outlet and the pump inlet flow-ripple on the low pressure side can be seen in figures 8, 9, 10 and 11 respectively. Flow source ripple is produced by the pump as well as the motor. The flow and pressure ripple are simulated at an arbitrary point in the middle of the system. This might be a disadvantage as some resonance-frequencies cannot be seen due to the nature of the standing waves in the pipe-line. However, it is a minor drawback as it is fairly easy to determine these frequencies and, if they are expected to be critical, they are easily determined by just moving the point. When studying the simulations in the frequency-domain it is easy to determine the different harmonics from both the pump and the motor. When a pump or motor harmonic occurs at any of the resonances in the line, or close to it, the result will be a resonance peak with a magnitude higher than the magnitude of the harmonics from the pump or motor.
Furthermore, if any of the harmonics from the pump coincide with any of the harmonics from the motor at that line-resonance, the result will be even worse. than the reference system. This can be seen in the frequency domain, figure  15 , where the motor harmonics is clearly reduced. However, the second and third harmonic from the pump are increased. This is due to the change of boundary conditions.
As the boundary conditions change, the standing waves in the line change. The peak at 525 Hz is a result of the third harmonic from the pump coinciding with the second quarter-wave resonance in the line between pump and attenuator. Figure 15 . The simulated flow-ripple in the frequency-domain for a transmission with an attenuator located close to the motor on the low pressure side. Figure  16 and 17 show the corresponding results when the same type of attenuator is located close to the pump. As in the motor case the number of peaks is reduced. The fundamental harmonic from the motor is amplified due to the close distance to the first quarter-wave resonance in the system between motor and attenuator. This is true also for the second quarter-wave resonance at 525 Hz where we also can observe a bad attenuation of the corresponding pump harmonic. A far better solution is to locate attenuators close to both the pump and the motor. Comparing the results in figures 18 and 19 with the reference system in figures 12 and 13 it is clear that the attenuation is good over a wide frequency range except for the resonance where the eighth pump harmonic and the tenth motor harmonic coincide (approximately at 1400 Hz).
It is worth noting that the attenuators used in this chapter are very simple ones as they concist of just one volume. A better solution would be the same total volume divided into two volumes.
One should also be aware of the fact that increasing the total system volume by installing an attenuator migth cause some problems with stability margins.
The analyses in this chapter are concetrated on the low pressure side but the same approach is of course useable on the high pressure side as well. 
